dropped by approximately 22%, due to an extra spending towards assets and lower utilization of treatment cycles, the centre showed improvements at various levels as evident from the resulting higher EVO value. Conclusions: EVO value as a model provides a mechanism by which ART setup can be economically evaluated and self-assessed. It can also generate a method for measuring the safety and efficacy of the treating centre.
INTRODUCTION
Assisted reproductive technology has been used as the effective mean of treating infertility which affects 10% -15% of couples worldwide [1, 2] . ART employs various technological procedures amongst which are in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) cycles, intrauterine insemination (IUI), testicular extraction (TESE), and cryopreservation of gametes and embryos. However, ART procedures have still not found their way into the mainstream of state funded health care and exist mainly in the private sector [3] . Treatment cycles, which involve IVF/ICSI procedures, are usually costly ( Table 1) . As a result, these forms of treatment may be beyond the financial means of many deserving couples who may subject themselves to less effective but available therapy such as tubal surgery for severely damaged fallopian tubes. Where there is some National Health Service provision for assisted conception, funding is severely limited which can lead to rationing of treatment based on factors such as age and the number of previous children [4] .
Many IVF centres have been established round the world and as the need for infertility treatment services increased, the demand of opening new centres has picked up from its long hiatus at a frantic pace. However, this booming technological setup was not matched by enough performance outcomes studies and their relevant costeffectiveness role which highlight the importance of the vitality of ART setup; thus reflecting on how well the concerned centres were performing. Such important studies warrant the need for a measurable entity which depends on parameters for evaluation and self-assessment.
Planning of ART Investment
The need of ART investment in a particular region is dependent on the percentage of infertility cases amongst couples as well as the population in the region. While, the driving force for the success of the investment is proportional to the success rates of both pregnancy and live birth at that particular ART setup. Nevertheless, the more centres that are present in a particular region the better the chance available for patients to receive treatments. However, this may have its drawbacks as competition between centres for limited patients may drive some centres to compromise on quality of offered services that often require continuous technological advancement. Such circumstances dictate the appropriate method for evaluating performance of various outcomes as presented in this study.
METHODS

Construction of the Mathematical Model
In any medical service organization outcomes play a pivotal role in showing the level of care and patient's satisfaction, and the extent of the economic viability of enterprise. Nevertheless, economic performance and viability outcomes should be integrated into all aspects of the organization. Hence, economic viability outcome can be projected as a model on how to manage an organization for results and to continuously improve results. In turn, better results mean that more infertile couples are being helped in the society. We have, therefore, proposed "economic viability outcome (EVO) value" for ART setup which is proportional to the outcomes of economic performance (P) and the success rate (S) of the setup.
i.e. EVO  PS. Hence EVO value equals the economic performance outcome of the ART setup multiplied by the outcomes of the driving force or sustainability (proportion of success) and level of compliance to standards (control). 
Assumptions Used in the Model
The postulated economic viability outcome value is indicative of setup viability to thrive in a given region and at a particular timeframe. Therefore, any change in conditions may result in a concomitant change in value. Nevertheless, EVO value is determined from the following three main domains: 1) Economic performance which is the ratio of annual revenue generated from the investment over asset and annual expenditure. Revenue is mainly generated from annually performed completed IVF/ICSI cycles which include surgical procedures, laboratory investtigations, consultations, and medications (other ART procedures such as IUI and TESE are considered subsidiary procedures and can be taken into consideration subject to frequency of utilization). On the other hand, asset is the fixed cost paid to secure all necessary and required functionality of the centre excluding expenditure which is the running cost paid for salaries, consumables, operation and maintenance, security, insurance, advertisement, and other needed supplies. However, the cost of investment is expected to be lower if the setup is part of a hospital as utilizetion of facilities cuts down extra cost. Nevertheless, good return of the investment allows better development and expansion of business to probably include new programs such as PGD and/or research study.
2) Proportion of success which is calculated as the number of clinical pregnancies to the power of live birth rate in an ART setup. This could certainly be used as self-assessment to the progress of the work. Since improvement in pregnancy rate of the centre will raise the average pregnancy rate of the relevant region. Hence, excellent live birth rate of the centre should increase the resulting EVO value. The determining factor in the success proportion is not how many clinical pregnancies obtained by the setup but by the live birth rate, which is crucial.
3) The compliance factor which is a measure of adherence to set standards by the statutory body in a given region. It has an estimated value between 0 -1. This can be calculated from a checklist to the required standard set by local authority, international standards, and/or improvised own standards. Value = 1 means that the ART setup is fully complaint to imposed standards, while very low value could be associated with legal issues which may pose ethical problems. Table 2 devises checklists of previously presented sets of ART regulations and guidelines pertained to a specific region [5, 6] .
However, the proposed mathematical model was put to the test at Banoon ART centre, the military hospital in Bahrain during the period Sep 2004 to Sep 2006.
Statistical Analysis
Data was analyzed using SPSS software package version 12.0. The level of significance was set at P < 0.05. The paired t-test was used for comparison of scores for the legalization to practice and for treatment cycles of the centre before and after the rectifications.
RESULTS
Testing the Model
The model is assumed to work on any ART setup so long as the parameters are factual in the given region and any comparative calculations should be carried out within the study group of setups within the localized region. This thus satisfies the same conditions. However, if conditions were different as the settings would also be different, then comparative calculations of EVO value would be biased. The model has been subjected to the test in a small region, like Bahrain, where there were three licensed ART centres in addition to two new centres that were commissioned to operate in June 2006. The integrated economic performance outcomes values were, therefore, calculated as shown below. The generated values were based on outcomes of complete (including consultations, ultrasounds, medications, and laboratory tests) IVF/ICSI cycles only which constituted more than 90% of all offered services.
Original Setting
The ART centre under test has been providing infertility (Table 3 ) [7] . The average annual pregnancy rate and live birth rate was, therefore, 20.5% and 8.7% respectively. However, there was no published annual national pregnancy rate for Bahrain as the other ART centres were not releasing their ART registry data. During that year the centre spent $50,000 as extra asset cost. The annual depreciation value was kept at $50,000 as the expected life-time durability of most equipment was 5 years. However, the annual expenditure was approximately $650,000. The approximate average cost of IVF/ICSI cycle including medications and tests was $4500. The centre has scored 0.52 of the compliance factor (C f ) value from a check list of devised standards ( 
Revamped Setting
Following rigorous improvements at various levels of the setup-included acquiring new equipment, installation of uninterrupted power supply system, renovations to suite international standards, revised policies and procedures, employing more experienced and trained staff, and utilizeing updated techniques-the centre showed a remarkable change in tangible results and patients satisfaction within few months of initiation of the amendment work which started Sep 2005 and lasted for few months. Such improvements incurred an extra asset cost of $150,000 while maintaining the same running costs at $650,000 annually without imposing surcharge on treatment cycles, but discounted by approximately 11%. From Sep 2005 till Sep 2006, the centre carried out 182 completed IVF/ ICSI cycles (for women ages 25 -40 years) which resulted in 44 clinical pregnancies and ended in 27 deliveries (Table 4) [7] . The average annual pregnancy rate and live birth rate increased to 24.2% and 14.8% respectively. The centre scored C f value of 0.88. The expected drop in the number of cycles was due to the opening of two additional ART centres in the region. Therefore, EVO 2 value is calculated as: Table 3 ).
the centre as indicated in Table 2 . Although the pregnancy rates were not so significant, the birth rates were significant however, as shown in Tables 3 and 4 . The above calculations show a significant increase (40%) in the EVO value of the centre, from 0.84 to 1.40 for the indicated periods. This is owed to the improvement in the success rates and the better compliance to the set standards although the economic performance has suffered a slight dip (by approximately 22%), as a result of extra spending towards assets and lower utilization of treatment cycles. Moreover, there is a significant difference in the C f values before and after the amendments to
DISCUSSION
Using the presented model not only the level of excellence in ART setup can be measured for the first time but the viability for its existence can also be evaluated. In this case, when the model was applied the results showed that there was approximately 40% gained improvement in EVO value due to certain changes which took place in the setup. Although there was a slight dip in economic performance as a result of reduced treatment cycles, the significant increase in compliance to standards conferred the rise in EVO value. However, there was no significant difference (p > 0.05) in the success rate variance between those two cases even though the live birth rate was significantly higher (p < 0.05) in the revamped setting. Moreover, the EVO value could have been better if it were not for the newly opened ART centres that sliced off a share in the limited number of infertility cases in such small region. Nevertheless, EVO value adds up many advantages that can be used as an indicator of efficiency for utilization, self-assessment, help in improving the cost-effectiveness of the treatment services offered by the setup, help in market research, planning reinvestment/new investment, providing the national ART Registry from available data, and measuring the safety and efficacy of the treating centre.
CONCLUSIONS
The presence of many ART centres/clinics in a particular region has the advantage of giving its patients more choices for the treatment of infertility and therefore more utilization of such services. However, too many centres per region may have detrimental effects; causing lower returns which will not help research and development programs especially when the cost of treatment is rather low (see Table 1 for comparative study). As can also be depicted from the table, certain countries cannot afford clinical and scientific research and development programs since the return of the investment is barely enough to get the setup going with a small margin of profit. Despite the higher infant mortality rates of the Middle East countries, the level of utilization of IVF cycles is not significantly different from those of the developed countries; contrary to previous study [8] . When considering the investment at a larger scale as evident from the larger and more prosperous population with excellent revenue of relatively high number of treatment cycles (Table 1) , it looks more feasible to conduct research work in the ART field. Also, additional spending on development programs will unequivocally allow the concerned ART centre to achieve excellent quality of treatment, high standard of care, and the resulting success rates, rather than cutting corners for the benefit of economic survival of the centre. Hence, applying the presented mathematical model provides many answers to such lengthy argument.
